The extent to which sexual selection is involved in speciation with gene flow remains an open question and the subject of much research. Here, we propose that some insight can be gained from considering the concept of magic traits (i.e., traits involved in both reproductive isolation and ecological divergence). Both magic traits and other, "non-magic", traits can contribute to speciation via a number of specific mechanisms. We argue that many of these mechanisms are likely to differ widely in the extent to which they involve sexual selection. Furthermore, in some cases where sexual selection is present, it may be prone to inhibit rather than drive speciation. Finally, there are a priori reasons to believe that certain categories of traits are much more effective than others in driving speciation. The combination of these points suggests a classification of traits that may shed light on the broader role of sexual selection in speciation with gene flow. In particular, we suggest that sexual selection can act as a driver of speciation in some scenarios, but may play a negligible role in potentially common categories of magic traits, and may be likely to inhibit speciation in common categories of non-magic traits [Current Zoology 58 (3): 510-516, 2012].
Introduction
As demonstrated by the variety of studies presented in this column, the role of sexual selection in speciation can be complex. Divergent sexual selection has long been hypothesized to play a role in driving speciation, especially in allopatry (e.g., Lande, 1981; Panhuis et al., 2001; Ritchie et al., 2007) . In sympatry and parapatrythat is, for speciation with gene flow (Bolnick and Fitzpatrick, 2007; Nosil 2008; Mallet, 2008; Smadja and Butlin, 2011) -the role of sexual selection is less clear. The current consensus is that sympatric speciation by sexual selection alone is unlikely (Arnegard and Kondrashov, 2004; van Doorn and Weissing, 2004) , whereas a combination of natural and sexual selection may be a powerful driver of speciation (van Doorn and Weissing, 2001; van Doorn et al., 2009; Weissing et al., 2011) .
It has also been recognized, however, that sexual selection may inhibit, rather than promote, speciation with gene flow. Specifically, sexual selection induced by some forms of mate choice is positively frequency-dependent (Pennings et al., 2008) . If the underlying trait distribution is unimodal, the net effect of such selection is essentially stabilizing, for example when intermediate females are common and mate assortatively, leading to high mating success for intermediate males. This stabilizing sexual selection may oppose divergent natural selection, ultimately preventing speciation (Matessi et al., 2001; Otto et al., 2008; Pennings et al., 2008; Labonne and Hendry, 2010) . In other cases, including when underlying trait distributions are skewed, positive frequency dependent selection can eliminate variation in traits underlying assortative mating (Kirkpatrick and Nuismer, 2004; Schneider, 2005; Schneider and Bürger, 2006; Pennings et al., 2008; Otto et al., 2008) .
We discuss these questions in the context of the origin of sexual selection. Often when researchers consider whether sexual selection plays a role in speciation they assess whether it is notable throughout the evolutionary history of a clade (e.g. Barraclough et al., 1995; Mitra et al., 1996; Møller and Cuervo, 1998; Owens et al., 1999; Arnqvuist et al., 2000; cf. Gage et al., 2002; Morrow et al., 2003) ; in this case intra-specific sexual selection may occasionally lead to the evolution of reproductive isolation. In allopatry, this may occur by Fisherian sexual selection if it leads to divergence between populations due to chance changes in direction or in the targeted traits (Lande, 1981) . Here, we focus our attention instead purely on the situation of speciation that occurs in the presence of substantial amounts of gene flow, such that the above process is very unlikely. Nevertheless, long standing sexual selection within populations may still trigger speciation, if it is (or becomes) divergent, especially when associated with ecological divergence (van Doorn and Weissing, 2001; Weissing et al., 2011) . It is also possible, however, that sexual selection may arise only during the actual process of speciation, for example, as a by-product of assortative mating in a diverging population (e.g., Gavrilets, 2004; Kirkpatrick and Nuismer, 2004; Otto et al., 2008; Pennings et al., 2008) .
In this paper, we focus on a broadly defined "involvement" of sexual selection in speciation with gene flow, whether it is long-standing or recently induced, and whether it is driving or inhibitory. In particular, we suggest that some insight into this topic can be gained by considering the concept of magic traits.
Speciation with gene flow typically requires both ecological divergence and the presence or evolution of assortative mating (i.e. prezygotic isolation). Magic traits are involved in both of these processes simultaneously. By definition, a magic trait is a trait that is both under divergent selection and pleiotropically contributes to reproductive isolation through assortative mating (Gavrilets, 2004; Servedio et al., 2011) . For example, mimetic wing color patterns in Heliconius butterflies are under divergent selection to match different models (e.g., Mallet and Barton, 1989) and simultaneously serve as cues during mate choice (Jiggins et al., 2001) . Because these two functions cannot become disassociated by recombination, magic traits are thought to be efficient drivers of speciation (Gavrilets, 2004) . The extent to which magic traits occur in nature is still in the fairly early stages of exploration, although a number of studies are now finding evidence for their existence (reviewed in Servedio et al., 2011) .
Opposing magic traits are "non-magic traits". These are traits involved in speciation that either lead to assortative mating or are subject to ecologically divergent selection, but not both. We refer to pairs of such traits (one for each function) that are genetically associated via linkage disequilibrium as "non-magic trait complexes". Note that, under our assumption of substantial gene flow, the assortative mating half of such a complex is unlikely to lead to speciation without accompanying ecological divergence (Arnegard and Kondrashov, 2004; van Doorn and Weissing, 2004) . The relative importance of magic versus non-magic traits in speciation is currently unknown (Servedio et al., 2011) . If magic traits turn out to be significant contributors to speciation with gene flow, it will be important to investigate how often they are under sexual selection, both absolutely and in comparison to non-magic traits.
Our basic scheme is illustrated in Fig.1 . The bold oval signifies the set of traits (across species) that contribute to reproductive isolation via assortative mating (whereby "like mate with like"). A subset of these traits are magic traits (grey oval, Fig. 1 ). Furthermore, both magic and non-magic traits overlap with the set of traits under sexual selection (defined as differential mating success, hatched oval). The important point is that the overlap is not complete, that is, not all traits under sexual selection are involved in assortative mating (e.g., all females could prefer the same type of males), and not all traits involved in assortative mating are under sexual selection (Maan and Seehausen, 2011) . For example, sexual selection is likely to be weak or absent if assortative mating occurs by a "grouping" mechanism, where individuals form groups non-randomly but mate at random within these groups (O'Donald, 1960; Gavrilets, 2004; Otto et al., 2008) . In contrast, sexual selection will be almost universally induced if assortative mating is
Fig.1 Venn diagram illustrating interactions between sexual selection, assortative mating, and magic traits
We consider only cases with gene flow, not populations in allopatry. The bold oval indicates traits that contribute to reproductive isolation via assortative mating, the hatched oval indicates traits that are under sexual selection, and the grey oval indicates magic traits. For the purposes of this paper we are concerned primarily with the area in the bold oval. The Roman numerals describe intersections of these sets as referred to in the main text. Ideally, we would like to know the relative sizes of these four areas, (that is, the relative frequency and importance of the corresponding trait categories in nature), but the specific relative sizes in this figure are not meant to reflect any specific hypothesis regarding the actual relative sizes.
based on the interaction of mating cues with mating preferences, including those induced by self-referent phenotype matching or sexual imprinting.
Thus, we can distinguish four categories of traits that may contribute to speciation with gene flow: magic traits under sexual selection (Area I, Fig.1 ), magic traits not under sexual selection (Area II), non-magic traits under sexual selection (Area III) and non-magic traits not under sexual selection (Area IV). Because we are interested in the overall contribution of sexual selection to speciation, the respective areas should be understood as indicating not only the number of examples, but also how much the corresponding traits, on average, contribute to the evolution of reproductive isolation (i.e. their effect size sensu Nosil and Schluter, 2011 ; see also Servedio et al., 2011) . In particular, traits with zero effect size are not included in the bold oval, even if they are subject to assortative mating (e.g., traits that lose polymorphism, see below). The ideas in Fig.1 can be discussed by focusing on the following three questions: Which proportion of magic traits involve sexual selection? Which proportion of non-magic traits involve sexual selection? And what is the relative importance of magic versus non-magic traits in speciation with gene flow? When sexual selection is likely to act we also assess whether it is expected to promote, or inhibit, speciation.
Magic Traits and Sexual Selection
Magic traits can occur by different mechanisms, with differing probabilities that sexual selection is involved in their contribution to speciation (Table 1) . Servedio et al. (2011) distinguish between automatic magic traits, in which assortative mating is an inevitable consequence of the ecological differentiation of a trait, and classic magic traits, which require contributions from an additional set of loci (see below) to render them magic (see Fig.1 in Servedio et al., 2011) .
Automatic magic traits are characterized by the extreme ease with which their divergence can create reproductive isolation. A non-exhaustive list of automatic magic traits is presented in Table 1 . These include, for example, phenological traits in flowering plants and habitat choice in phytophagous insects (see Servedio et al., 2011) . Many of these traits induce assortative mating via grouping, in a way that may often allow little room for substantial differences in reproductive success (see above). Hence, in Table 1 , we speculate that automatic magic traits are not likely to induce substantial sexual selection.
Unlike automatic magic traits, classic magic traits have a clear connection to sexual selection. The most commonly considered form of a classic magic trait has been a mating cue that is acted upon by divergent ecological selection (see the Heliconius example above). This cue is targeted by alleles at another locus that determines either mating preferences in the opposite sex or the presence (versus absence) of assortative mating by a mechanism such as self-referent phenotype matching or sexual imprinting. Servedio et al. (2011) reviewed the literature and found a small, but growing list of such 'magic cues' (see their Table 1 ). In all these examples, sexual selection is very likely to be present, and because it depends on mate choice as opposed to grouping, it may often be strong (Table 1) . Again, however, this kind of sexual selection may inhibit rather than promote speciation. When, for example, sexual selection eliminates variation (see above) and ecological divergence is prevented, speciation breaks down, and the magic trait effectively ceases to be "magic" (i.e., it no longer contributes to reproductive isolation and no longer is part of the bold oval in Fig. 1 ).
As second form of classic magic traits are 'magic preferences'; divergent ecological selection could change female perception and pleiotropically lead to divergent preferences for male mating cues (Endler, 1992; Servedio et al., 2011; Maan and Seehausen, 2011) . It is yet early to tell whether such magic preferences are common, although there is substantial evidence for speciation through sensory drive, which may involve this mechanism (Boughman, 2002; Boncoraglio and Saigno, 2007) . Magic preferences, like magic cues, seem very likely to lead to strong sexual selection, but in this case, sexual selection is likely to favor speciation (Table 1) ; divergent preferences do not induce stabilizing selection and, hence, should be less likely to reduce variation in the corresponding cues.
Given the available evidence, it seems probable that, when more data are gathered, automatic magic traits will turn out to be to be much more common than classic magic traits. For example, the number of speciation events involving automatic magic traits may be quite large in groups such as phytophagous insects. In contrast, although evidence is accumulating for classic magic traits, they are still seen as rare enough that every instance of them is notable. From the logic presented above, it is likely that sexual selection is much weaker, or involved much less often in promoting speciation, in automatic magic traits than in classic magic traits. This leads to the conclusion that magic traits that involve sexual selection are likely to be notably rarer than those that do not (Area I is likely to be substantially smaller than Area II in Fig.1 ).
Non-magic Traits and Sexual Selection
Certain non-magic traits are very similar to automatic magic traits and are distinguished from the former only in that selection on them is directional, not divergent, as required by the definition of magic traits (Gavrilets, 2004; Servedio et al., 2011) . Examples are presented in Table 1 under "Pleiotropic non-magic traits under directional selection". Some of these traits induce assortative mating via grouping mechanisms and are not likely to involve sexual selection. One that obviously does involve sexual selection is a trait under direct selection that increases sensory accuracy when it facilitates female choice. If sexual selection is already divergent it is likely to promote speciation in these cases.
Another unique category of non-magic traits, and one that by definition involves sexual selection, is given by locally adapted traits that affect the expression of condition-dependent male ornaments (e.g., locally adapted males have higher fitness and thus brighter colors; van Doorn et al., 2009) . Because divergent selection on the locally adapted traits directly affects mating cues, this is likely to be an efficient scenario for speciation with gene flow, and is also analogous in many ways to a magic trait scenario (see Servedio et al., 2011) . It is noteworthy that in this case sexual selection can drive speciation without being divergent.
In general, however, non-magic traits can contribute to speciation only if they are part of a complex of at least two traits, one under ecological selection and one involved in assortative mating; as discussed above these will generally not be involved in speciation unless they are genetically associated with one another. In this case, a potential role for sexual selection depends solely on the action of the assortative mating component. While more data remains to be gathered it seems very likely that non-magic traits will generally involve sexual selection. (thus Area III will be greater than Area IV in Fig.1 ). In particular, group-based mechanisms of mate choice (which are not likely to involve sexual selection, see above) are hard to envision without grouping being based on ecologically relevant traits. (In other words, group-based assortative mating should usually be associated with automatic magic traits or pleiotropic traits under directional selection.) We note that when sexual selection is generated in non-magic traits it may some--times inhibit speciation, just as when it acts on classic classic magic traits.
Magic versus Non-Magic Traits
We are left with considering, then, the relative importance of magic and non-magic traits to speciation. While the field of potential non-magic traits is undoubtedly much greater than that of magic traits, the majority of such traits -in particular, those involved in "non-magic trait complexes" (see above) -face a potentially formidable barrier to actually contributing to speciation; in general, speciation will only be possible if substantial linkage disequilibrium builds between the non-random mating and ecological components of the complex, but the build-up of this linkage disequilibrium is opposed by recombination. Magic traits do not face this barrier, because the link between non-random mating and ecological selection is made by pleiotropy, and hence, cannot be broken. It may be possible that, in some situations, certain non-magic trait complexes, for example those with tight physical linkage between the non-random mating and ecological loci, can effectively mimic magic traits, but the likelihood of this is not sufficiently well known (Servedio et al., 2011) . It is also unknown whether magic or non-magic traits, when they do contribute to speciation, will have larger effect sizes, although there is no a priori reason to believe that they would differ. For all of these reasons, it is probable that the accumulated amount of reproductive isolation, across many speciation events, involving magic traits is much greater than assumed when the term 'magic' was initially coined (Gavrilets, 2004 ).
Conclusions
What, then, can consideration of magic traits tell us about the involvement of sexual selection in speciation with gene flow? Obviously, much work remains to be done to clarify the frequency with which the mechanisms in Table 1 are involved in speciation, the extent of this involvement (i.e., effect sizes), the extent to which the corresponding traits involve sexual selection, and whether that sexual selection is likely to promote or inhibit speciation. These issues are particularly relevant to examine in groups such as phytophagous insects, in which (automatic) magic traits may be common. We can certainly say that sexual selection is not likely to be ubiquitous in speciation; there are potentially large classes of traits, for example some of the automatic magic traits, which promote speciation but are not likely to induce substantial sexual selection. Furthermore, these traits happen to be involved in situations in which speciation is likely to occur the most easily. To summarize, we conclude that potentially great differences in how effectively different types of magic versus non-magic traits drive speciation correspond with differences in the involvement of sexual selection within these categories. Precisely because of the coincidence of these factors we believe that magic traits are useful for categorizing speciation events in a way that may help us to ultimately gain a better understanding of the role of sexual selection in speciation.
